56 million tons per year. The percentage of waste combusted in the United States (17 percent) is considerably lower than that of several countries.
Denmark, for example, processes over 80 percent of its MSW in WTE plants while Japan's rate is over 60 percent.
WTE is considered a renewable energy alternative by the United States Department of Energy (DOE).
In addition, the United States Environmental Protection Agency (EPA) has con cluded that WTE plants produce electricity "with less environmental impact than almost any other source of electricity. ,, 2 WTE plants work very much like fossil fuel fired power plants. 3 The difference is the fuel. WTE plants use garbage-not fossil fuels like coal, oil, or natural gas-to fire an industrial boiler. The same steps are used to make electricity in a WTE plant as in a coal-fi red power plant:
• The fuel is burned, releasing heat.
• The heat turns water into steam.
• The high-pressure steam turns the blades of a turbine generator to produce electricity.
• A utility company sends the electricity along power lines to homes, schools, and businesses.
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In 2000, WTE facilities achieved compliance with new Clean Air Act pollution control standards for municipal waste combustors. More than $1 billion was spent to upgrade WTE facilities, leading EPA to write that the "upgrading of the emissions control systems of large combustors to exceed the re quirements of the Clean Air Act Section 129 standards is an impressive accomplishment. ,, 4 In addition to combustion controls, WTE facilities employ sophisticated pollution control equipment. 5
• A "baghouse" works like a giant vacuum cleaner with hundreds of fabric filter bags that clean the air of soot, smoke, and metals.
• A "scrubber" sprays a slurry of lime and water into the hot exhaust. The lime neutralizes acid gases, just as a gardener uses lime to neutralize acidic soil. Scrubbing also can improve the capture of mercury in the exhaust.
• Although MSW includes renewable resources, its use as a source of energy has been met with controversy.
Despite recent toughening of emission standards for MSW combustion, the process creates significant emissions, including trace amounts of hazardous air pollutants.
Burning MSW produces nitrogen oxides and sulfur dioxide as well as trace amounts of other pollutants such as mercury compounds and dioxins. Although MSW power plants emit carbon dioxide (the primary "greenhouse gas"), a portion of it is considered to be part of the Earth's natural carbon cycle. The plants and trees from which the paper and food waste is ultimately produced remove carbon dioxide from the air while they are growing, which is returned to the air when this material is burned. In contrast, when fossil fuels are burned, they release carbon dioxide that has not been part of the Earth's atmosphere for a long time (i.e., within a human timescale).
The variation in the composition of MSW raises concerns regarding its combustion as a fuel. For example, if MSW containing batteries and tires are burned, toxic materials may be released into the air.
However, a variety of air pollution control technologies are used to reduce pollutant emissions from MSW power plants.
The average air emission rates in the United States from municipal solid waste-fired generation are 837 pounds of carbon dioxide per megawatt-hour of electricity generated (lbs/MWh), 0. Coal is a fossil fuel formed from the decomposition of organic materials that have been subjected to geologic heat and pressure over millions of years.
Coal is considered a non-renewable resource because it cannot be replenished.
The activities involved in generating electricity from coal include mining, transporting it to power plants, and burning of the coal in power plants. Initially, coal is extracted from surface or underground mines.
The coal is often cleaned or washed at the coal mine to remove impurities before it is transported to the power plant-usually by train, barge, or truck.
Finally, at the power plant, coal is burned in boilers to produce steam; and the steam is run through a turbine to generate electricity. Ibs/MWh of nitrogen oxides.
Mining, cleaning, and transporting coal to the power plant generate additional emissions. For example, methane -a potent greenhouse gas that is trapped in the coal-is often vented during these processes to increase safety.
Electricity Generation -Oil 10
In the United States, oil is used mostly for transportation or home heating purposes, although a small percentage is used as a fuel for electricity generating plants. As with other fossil fuels, oil is found in underground reservoirs. It is the end product of the decomposition of organic materials that have been subjected to geologic heat and pressure over millions of years. Oil is considered a nonrenewable resource because it cannot be replenished.
The activities involved in producing electricity from oil begin with the extraction of the oil and end with its burning in boilers and turbines at power plants.
Initially, crude oil is removed from the ground by drilling deep wells and pumping it up to the surface.
The crude oil is then transported to a refinery where it is refined into a number of fuel products, including gasoline, kerosene, liquefied petroleum gas (such as propane), distillates (diesel and jet fuels), and "resi duals" that include industrial fuels. Refi neries remove a portion of the impurities in the crude oil, such as sulfur, nitrogen, and metals. Ibs/MWh of nitrogen oxides.
In addition, oil wells and oil collection equipment are a source of emissions of methane, which is a potent greenhouse gas. The large engines that are used in the oil drilling, production, and transportation processes burn natural gas or diesel that also produce emissions.
Electricity Generation -Natural Gas
11
Natural gas is a fossil fuel formed when layers of buried plants and animals are exposed to intense heat and pressure over thousands of years. The energy that the plants and animals originally obtained from the sun is stored in the form of carbon in natural gas.
Natural gas is combusted to generate electricity, enabling this stored energy to be transformed into usable power. Natural gas is another nonrenewable resource that cannot be replenished.
The natural gas power production process begins with the extraction of natural gas, continues with its treatment and transport to the power plants, and ends with its combustion in boilers and turbines to generate electricity.
Initially, wells are drilled into the ground to remove the natural gas. After the natural gas is extracted, it is treated at gas plants to remove impurities such as hydrogen sulfide, helium, carbon dioxide, Copyright © 2006 by ASME hydrocarbons, and moisture. Pipelines then transport the natural gas from the gas plants to power plants.
Power plants use several methods to convert gas to electricity. One method is to burn the gas in a boiler to produce steam, which is then used by a steam turbine to generate electricity. A more common approach is to burn the gas in a combustion turbine to generate electricity. Another technology that is growing in popularity is to burn the natural gas in a combustion turbine and use the hot combustion turbine exhaust to make steam to drive a steam turbine. This technology is called "combined cycle"
and achieves a higher efficiency by using the heat energy generated by the same fuel source twice.
Although power plants are regulated by federal and state laws to protect human health and the environment, there is a wide variation of environmental impacts associated with power generation technologies. EPA has summarized the specific air, water, and solid waste releases associated with natural gas-fired generation.
At the power plant, the burning of natural gas produces nitrogen oxides and carbon dioxide, but in lower quantities than burning coal or oil. Methane, a primary component of natural gas and a greenhouse gas, can also be emitted into the air when natural gas is not burned completely. Similarly, methane can be emitted as the result of leaks and losses during transportation. Emissions of sulfur dioxide and mercury compounds from burning natural gas are negligible.
The average emissions rates in the United
States from natural gas-fired electricity generation are The data provided on the EPA Clean Energy web site for air emissions from WTE plants and fossil fueled power plants is summarized in Table 3 .
As indicated, on the basis of "pounds of pollutant per megawatt-hour of electricity generated,"
WTE power plants emit significantly less carbon dioxide than any of the fossil fuel power plants. They emit significantly less sulfur dioxide than coal-fired or oil-fired power plants but more than power plants using natural gas. Finally, they are comparable to coal-and oil-fired power plants with respect to nitrogen oxide emissions but somewhat higher than natural gas-fired power plants.
Based on this data, it is clear why EPA has concluded that WTE power plants produce electricity "with less environmental impact than almost any other source of electricity. "
LITERATURE REVIEW
The SW ANA ARF project included a review of recently published articles and presentations on the air emissions from WTE plants and fossil fuel power plants, as summarized below.
u.s. EPA Clean Energy Publications
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As described above, EPA maintains a web site called "Clean Energy," which compares the environmental impacts of generating electricity through combustion using conventional fuels (i.e., coal, oil, natural gas, etc.) as well as MSW.
The environmental impacts for which data and information are provided include:
• Air emissions Table 4 . Similar to the EPA Clean Energy web site, the Power Scorecard web site provides short (two page) summary descriptions of the environmental impacts associated with electricity production using the following technologies:
However, no environmental emissions data are 
CONCLUSIONS
Based on a review of recent literature as well as data from ongoing projects, the following con clusions are offered with respect to the comparison of air emissions from WTE facilities compared to fossil fuel power plants.
• Air emissions from WTE facilities have been dramatically reduced over the last ten years, due to the requirements for "Maximum Achievable Control
Technology" contained in a 1995 EPA rule issued pursuant to the Clean Air Act.
• With respect to criteria air pollutants, WTE facilities emit significantly less carbon dioxide than any of the fossilfuel power plants. They emit significantly less sulfur dioxide than coal-fired or oil fired power plants but more than power plants using natural gas. Finally, they are comparable to coal-and oil-fired power plants with respect to nitrogen oxide emissions, but somewhat higher than natural gas-fired power plants. Based on this data, the EPA has concluded that WTE power plants produce electricity
77
"with less environmental impact than almost any other source of electricity."
• When compared to the total amount of mercury emitted from coal-fired power plants, WTE facilities represent a minor source of anthropogenic mercury emissions to the environment.
• Dioxin emissions from WTE facilities have been reduced by over 99 percent since 1990. WTE facilities are now considered minor sources of dioxins.
